Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide. 1 The prognosis for individuals diagnosed with CRC remains poor because of nonspecific early clinical manifestations and postponed diagnosis and treatments, in addition to the malignancy of the tumor itself. Furthermore, the molecular mechanisms underlying CRC metastasis remain unclear, and thus, there is an urgent need for screening valid markers for the detection of CRC metastasis.
Measurement of serological cancer biomarkers is commonly applied in cancer screening and prognosis. 2 Biomarkers such as carcinoembryonic antigen (CEA), carbohydrate antigen 50 (CA50), carbohydrate antigen 199 (CA199), carbohydrate antigen 125 (CA125), and carbohydrate antigen 724 (CA724) are commonly used for
Dovepress

264
lin et al CRC screening. 3 An undesirable issue is that these markers, in addition to CRC, are also frequently used for pancreatic cancer, gastric cancer, etc. 4, 5 Thus, discovery of new markers and/or combination assay of multiple biomarkers for CRC diagnosis and/or prognosis, to get better sensitivity and specificity, is still needed. Furthermore, new technology and method in the measurement of serum biomarkers and CRC diagnosis could also be considered for reference. 6, 7 TP53-induced glycolysis and apoptosis regulator (TIGAR), a downstream target of P53 in regulating glucose metabolism, shares similarity with the enzyme 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase (PFK-2/ FBPase-2). 8 Functioning like FBPase-2, TIGAR lowers intracellular fructose 2,6-biphosphate (FBP) levels, thus decreases the glycolytic rate and diverts the glucose metabolism to the pentose phosphate pathway (PPP). 8 Increased expression of TIGAR mRNA and protein was associated with cancer cell survival and metastasis in many cancers, [9] [10] [11] [12] [13] while the association between plasma TIGAR concentration and CRC metastasis remains unclear. In the present study, we aimed to explore the association of plasma TIGAR concentration with CRC metastasis and the prognostic value of TIGAR as a potential marker for CRC metastasis.
Methods
study subjects
Study subjects were recruited from August 2016 to August 2017 in the First Affiliated Hospital of Xiamen University, Xiamen, China. One hundred and twenty-six patients with primary CRC, who have accepted surgical resection and have fulfilled the inclusion and exclusion criteria, were involved. The inclusion criteria for patients were as follows: 1) pathological diagnosis of CRC (excluding colorectal polyp, colorectal adenoma, and chronic colitis); 2) never received any radiotherapy or chemotherapy or other antitumor therapies before surgical resection; and 3) complete clinical data record. All subjects with CRC were diagnosed by two experienced pathologists. Demographic information (age, gender, and smoking and alcohol drinking habits) and clinical characteristics (tumor site, size, stage, and histology; biochemical characteristics; and levels of common cancer markers) were collected through faceto-face interview and patient medical records, respectively. The TNM staging of the Union International Cancer Control (UICC) (eighth edition) was used for staging. Metastasis was defined according to the results of radiological diagnosis and tissue biopsy. The study was conducted in accordance with the Helsinki Declaration and the International Conference on Harmonization/Good Clinical Practice guidelines. The study protocol was approved by the Human Ethics Committee of the First Affiliated Hospital of Xiamen University. Written informed consent was obtained from all patients.
Biochemical measurements
Intravenous blood samples for all study subjects were collected with one tube for EDTA anticoagulant (2 mL) and one tube for separation gel coagulation (5 mL). Samples were centrifuged at 3,000 rpm for 10 minutes. All plasma and sera were aliquoted and frozen at -80°C until used. Blood samples were tested in the Clinical Laboratory of the First Affiliated Hospital of Xiamen University. Serum glucose, liver enzymes, and lipid profile were determined by Beckman Coulter automatic biochemical analyzer (Beckman Coulter, Brea, CA, America). Serum cancer biomarkers, including CA50, CA199, CA125, CA724, CEA, and ferritin (FER) were determined on ADVIA Centaur XP immunoassay system (Siemens, Germany) and Cobas E601 electrochemiluminescence immune detection systems (Hoffman-La Roche Ltd., Basel, Switzerland). Plasma TIGAR concentrations were measured using the ELISA kits for human fructose-2,6-bisphosphatase [FBP] TIGAR (E5948h; Wuhan Eiaab Science Co. Ltd., Wuhan, China) according to the manufacturer's instructions. The sensitivity of this assay was 0.085 ng/mL, and the detection range of the standard was 0.15-10.0 ng/mL. The intraassay coefficient of variance (CV) was ≤6.3%, and the interassay CV was ≤8.5%.
statistical analyses
Data were presented as the mean±SD for continuous variables or number (%) for categorical variables. Skewness and kurtosis test for normality of plasma TIGAR concentration was analyzed; it was found that it did not follow normal distribution and was thus log transformed to obtain better approximation of normal distribution. Differences between subjects categorized by metastasis and tertiles of plasma TIGAR concentration were analyzed using one-way ANOVA for continuous variables and chi-squared test for categorical variables. Pearson correlation analyses were conducted for correlations of plasma TIGAR with other common serum cancer biomarkers, including CA50, CA199, CA125, CA724, CEA, and FER. Area under the curve (AUC) of receiver operating characteristic (ROC) curve was used to evaluate the diagnostic values of plasma TIGAR for CRC metastasis compared with those of other cancer biomarkers. Pathological diagnosis was used as the gold standard for metastasis. 
Results
Clinical characteristics stratified by metastasis and tertiles of plasma TigaR
Among the 126 CRC patients, 53 (42.1%) were women, the mean age (±SD) was 56.0 (±12.5) years for women and 58.2 (±11.2) years for men (P=0.306), and 21 (16.7%) patients were diagnosed as having metastasis. Table 1 shows the differences of demographics, lifestyle habits, and clinical characteristics of subjects stratified by metastasis. In general, when compared with controls, subjects with metastasis had significantly higher levels of clinical stage, tumor stage, lymph node stage, serum cancer biomarkers (CA50, CA199, CA724, and CEA), and lower differentiation grade. As for difference of plasma TIGAR concentration, subjects with metastasis showed significantly decreased TIGAR levels compared to their controls (1.97±0.64 vs 2.49±0.69 ng/mL [log transformed], P=0.002). There was no significant difference in CA125 and FER between patients with metastasis and those without metastasis. Table 2 shows the differences of demographics, lifestyle habits, and clinical characteristics of subjects stratified by tertiles of plasma TIGAR levels (mean±SD): 1.62±0.33, 2.38±0.21, and 3.20±0.29 ng/mL (log transformed) for tertiles 1-3, respectively. Increasing tertiles of plasma TIGAR were only significantly associated with lower prevalence rates of metastasis (33.3%, 9.5%, and 7.1% for tertiles 1-3, respectively, P=0.002) but not with other clinical characteristics.
Correlations of plasma TigaR with other common cancer biomarkers Figure 1A -F shows the Pearson correlation of plasma TIGAR with other common serum cancer biomarkers (CA50, CA199, CA125, CA724, CEA, and FER, respectively). All the correlation coefficients were not statistically significant (all P-values >0.05) and low (ranging from -0.068 to -0.032), indicating that there is no correlation between plasma TIGAR and these cancer biomarkers in the studied CRC patients.
association between plasma TigaR concentration and CRC metastasis Table 3 shows the adjusted ORs with associated 95% CI of plasma TIGAR level for CRC metastasis by using the multivariable logistic regression analyses with adjustment for potential confounding factors in three different models. In model 1, without adjustment, higher plasma TIGAR was significantly associated with the decreased risk of CRC metastasis and the adjusted OR (95% CI) of per SD increase in plasma TIGAR In model 2 (adjustments for age, sex, smoking and drinking habits) and model 3 (further adjustments for BMI, blood pressure, glucose, triglyceride, total cholesterol, AST, serum uric acid, cancer history, cancer clinical stage, tumor stage, lymph node stage, differentiation, tumor size, serum CA50, CA199, CA125, CA724, CEA, and FER plus model 2), the adjusted ORs of plasma TIGAR for CRC metastasis were quite similar to those in model 1. In model 3, the adjusted OR (95% CI) was 0.134 (0.027-0.676, P=0.015) for per SD increase of plasma TIGAR concentration and 0.013 (0.001-0.306, P=0.007) for the tertile 3 group compared with the tertile 1 group. Although the adjusted OR for the tertile 2 became statistically unsignificant, the trend test for increasing tertiles significantly showed a negative association between plasma TIGAR level and risk of CRC metastasis (P=0.005). 
Diagnostic value of plasma TigaR concentration on CRC metastasis
Discussion
The present study provided for the first time that CRC patients with metastasis showed significantly decreased plasma TIGAR levels compared to those without metastasis. Even with adjustment for potential confounding factors, higher plasma TIGAR 
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TigaR and colorectal cancer metastasis those cancer biomarkers. We found that an increased plasma TIGAR level is significantly and independently associated with lower risk of CRC metastasis, thus adding a new potential biomarker for CRC metastasis diagnosis. 2, 15 In the present study, we measured the plasma levels of TIGAR and a serial of serum cancer biomarkers including CA50, CA199, CA125, CA724, CEA, and FER, which are commonly monitored for cancer diagnosis and prognosis of tumor metastasis, recurrence, and survival. 2 We found that plasma TIGAR concentration was significantly decreased in CRC patients with metastasis, 
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TigaR and colorectal cancer metastasis while the serum levels of CEA, CA50, CA199, and CA724 were all increased. This is consistent with most of the reported results that elevated serum CEA, CA199, CA724, and CA50 levels are associated with CRC metastasis and are useful predictors for CRC metastasis. 3, [16] [17] [18] Due to the limitation of sensitivity and specificity of cancer biomarker assay, combined assay of multiple biomarkers is commonly adopted in cancer screening. Gao et al found that the most sensitive combined markers for two to five were CEA+CA724, CEA+CA724+CA125, CEA+CA199+CA724+CA125, and CEA+CA199+CA724+CA125+FER, respectively, and CEA, CA199, CA724, and CA125 levels were positively correlated with CRC metastasis. 3 In our study, we found that patients with metastasis had significantly higher levels of serum cancer biomarkers (CA50, CA199, CA724, and CEA), as well as higher clinical stage, tumor stage, and lymph node stage. We found that AUC of ROC curve of TIGAR on CRC metastasis was about 0.725, which was comparable to those values for the common cancer biomarkers, demonstrating that TIGAR, not identical with traditional cancer biomarkers, has similar diagnosis value for CRC metastasis. Patients with higher serum levels of CA50, CA199, CA724, and CEA and lower levels of plasma TIGAR are more predisposed to CRC metastasis.
Cancer cell survival and proliferation depend predominantly on aerobic glycolysis, which is called the Warburg effect. 19 The bifunctional enzyme 6-phoshofructo-2-kinase/ fructose-2,6-bisphosphatase (PFK-2/FBPase-2 [PFKFB]) critically controls glycolysis flux via regulating the production of fructose-2, 6-biphosphate (FBP), the most potent positive feedback stimulator for key glycolytic enzyme 6-phoshofructo-1-kinase (PFK-1). TIGAR functions similar to FBPase to inhibit glycolysis, while PFKFB3 (also named as iPFK-2) functions to promote glycolysis. Al-Khayal et al 12 showed that TIGAR is expressed in the early stage of CRC and is maintained at high levels through late stages in cancer cells. TIGAR acted as an oncogene in nasopharyngeal carcinoma (NPC) tumorigenesis, and knockdown of TIGAR inhibited tumor growth via activation of NF-κB pathway. Deletion of TIGAR sensitizes cancer cells to radiotherapy and chemotherapy in glioma and CRC cells. 9, 21 When overexpressed, TIGAR protects chronic lymphocytic leukemia (CLL) cells from spontaneous apoptosis and is closely correlated with worse clinical outcome in CLL patients. 13 TIGAR protection of cancer cell survival involves the mechanism of reactive oxidative species (ROS) clearance and DNA repairment. 8, 22 As for the prognostic value in tumor invasion and metastasis, Shen et al 10 found that downregulation of TIGAR reduced the non-small cell lung cancer (NSCLC) cell invasion and metastasis, and patients with high co-expression of TIGAR and Met showed worse survival. Another study reported that NSCLC patients with negative expression of TIGAR had worse clinical outcome than those with positive TIGAR expression, and TIGAR expression was negatively correlated with glucose uptake. 23 In the present study, we found that plasma TIGAR levels were significantly decreased in CRC patients with metastasis, who had higher levels of clinical stage, tumor stage, lymph node stage, serum cancer biomarkers, and lower differentiation grade, and the metastasis more frequently occurred in patients with colon cancer than in patients with rectal cancer. Of note, in most reported studies so far, an increased expression of TIGAR was referred to the mRNA and/or protein levels in solid tumor tissues or cells, implying that higher TIGAR levels is required for maintaining the survival and/or proliferation of cancer cells, at least in situ in solid cancer tissues or cells. This is the first time that we measured TIGAR concentration in the plasma and showed its negative association with CRC metastasis.
TIGAR functions similar to FBPase and protects cancer cell survival via inhibiting glycolysis and promoting PPP, while the allosteric fructokinase, PFKFB3, is found to be overexpressed to promote glycolysis in variety of cancers including CRC and stomach, prostate, breast, ovary, and thyroid cancers and is associated with cancer cell proliferation, migration, invasion, and metastasis. [24] [25] [26] [27] Cancer cells consume higher amounts of glucose via glycolysis to satisfy their exuberant energetic and anabolic needs. PFKFB3 is closely associated with tumor metastasis, and blockade of PFKFB3 did not affect the tumor growth, but reduced cancer cell invasion, intravasation, and metastasis. 27 It would be paradoxical if TIGAR and PFKFB3, the two enzymes with opposite action, work simultaneously on glycolysis to promote cancer cell survival. Indeed, it was reported that TIGAR expression was increased when PFKFB3 was knocked down in Hela cells, 28 and knockdown of TIGAR activated glycolysis through PFKFB3 upregulation in human leukemia cells. 29 Because of the limitation that this is a cross-sectional observation study, we could not find the original source of plasma TIGAR and thus could not differentiate whether the decreased plasma TIGAR resulted from decreased expression and/or release of TIGAR from the primary cancer cells or was exhausted in supporting or promoting cell migration during metastasis. Metastasis occurrence largely depends on the cross-talk between selected cancer cells (the "seeds") and specific organ microenvironments, 30 and TIGAR does have a complicate interaction with the surrounding microenvironment, with FBPase or even non-FBPase functions.
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Conclusion
The present study found that CRC patients with metastasis had increased serum levels of most common cancer biomarkers and decreased plasma levels of TIGAR compared with their controls. Moreover, the decreased plasma TIGAR was independently associated with higher risk of CRC metastasis with adjustment for potential confounding factors. Our results demonstrated the diagnostic value of TIGAR on CRC metastasis, which was moderate and comparable to those of common cancer biomarkers: CRC patients, with higher serum concentrations of CEA, CA199, CA724, and CA50, and lower plasma TIGAR concentration, are at a high risk of metastasis. Therefore, our findings underscore the roles of TIGAR, contributing to the pathogenesis and diagnostic values in CRC metastasis.
A few limitations in the present study should be recognized. The first was that study patients were selected from one hospital only and were not randomly sampled; therefore, we may not truly estimate the association between plasma TIGAR concentration and CRC metastasis and should be cautious when generalizing our findings to other CRC patients. Second, the sample size in the present study was quite small. Third, because our study was designed as a cross-sectional study, we cannot determine the temporal sequence of plasma TIGAR and CRC metastasis and thus cannot preclude the possibility of reverse causality between plasma TIGAR and CRC metastasis. Therefore, an independent cohort with larger sample size, especially from a prospective cohort study design, should be conducted to validate our findings in future.
